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Introduction
The kingdom of Saudi Arabia (KSA) places emphasis on the shift from supply development to demand management to use of critical and non-renewable water resources efficiently. The paper presents an overview of the country's water resources and issues related to water. Some possible conservation and remedial measures. Few countries face water shortages as extreme as Saudi Arabia. Its water scarcity poses a significant risk to the feasibility and profitability of many energy projects. We may see investors targeting projects where water is less important -such as solar PV, wind and natural gas -and avoiding those that involve high water usage, such as biofuels. Another issue is the role of energy in the extraction, treatment and transportation of water. By some estimates, about half of Saudi Arabia's domestic oil consumption is used to desalinate water. Attracting investment in independent water projects will require a focus on increasing the rate of return for investors and reducing their exposure to risk.
Saudi Arabia with an area of 2.15 million km 2 is an arid and water deficit country, with limited fresh watersupplies in subarea. The kingdom of Saudi Arabia (KSA) is a desert like country lying within the continental zone in Saudi Arabia area and subareas as shown in figures 1and 2, where temperatures are high in summer and low in winter for all cities except south area. It is also characterized by low annual rainfall and lacks perennial rivers or permanent bodies of water. The climatic conditions pose a continual challenge, as does the depletion of underground water resources in KSA. Due to an acute deficit, water has always been an extremely valuable resource and occupies the prominent and prime position among the natural resources of the kingdom of Saudi Arabia. Although water is a renewable resource, yet its availability is extremely low and to the society. In the situation, there is a tremendous pressure on the existing water resources due to an increase in population, and the rising living standards of the civil society [9, 10, 15, 29 , 30] . <...> <Fid> ObjectId </Fid> [1] <Shape> Ploygone </Shape> [1] <F_Code_Desc> Text </F_Code_Desc> [1] <SubAreaName> Text </SubAreaName> [1] <SubPopulation> Integer </SubPopulation> [1] </...>
Water Resources and Their Uses
 Saudi Arabia owns a limited renewable Water Resources, but Allah gave the kingdom a great deal of non-renewable reserves of groundwater.
 The total volume of renewable resources and non-conventional resources including desalinated water and treated wastewater amount to 5.20 BCM (Billion cubic meters).
Strengths
• The water sector is the 5th largest recipient of Foreign Direct Investment in Saudi Arabia.
 The Saudi Government has consistently increased spending and investments in the water sector.
• As a country, Saudi Arabia is the 3rd largest consumer of water in the world, according to the  Saudi Arabian Monetary Agency.
• As a country, Saudi Arabia is the largest producer of desalinated water in the world.
• The Saudi Government has streamlined the water sector's regulatory regime.
• The Saudi Government has put in place an extensive water transmission system.
Weaknesses
• An average of 20% of distributed water is unaccounted for in Saudi Arabia.
• The water sector's infrastructure is outdated and, in some areas, deteriorating.
• The Saudi Government's low water tariffs serve as a disincentive for conservation.
Opportunities
• Privatization and liberalization of the Saudi economy present numerous investment opportunities in the water sector.
• Accession into WTO has fostered an improved investment environment by lowering barriers to trade and tariff rates.
• Large government revenue generated from high oil prices will likely be invested in new development projects including those in the water sector.
Threats
• Challenges associated with debt financing resulting from the global economic downturn may slow the rate of sector privatization.
• The perception of Saudi Arabia as a high security risk has, at times, deterred potential investors.
• Saudi Arabia's dependence on oil for government revenue means public spending and investment could be disrupted by a severe shock in the oil market.
With a population forecast to reach 29.3 million by 2015, the supply of fresh water is essential to Saudi Arabia, a desert country with a large agricultural and industrial base. As the largest country in the world without running surface water, Saudi Arabia has been dependent on desalinated water for potable water since the 1950s. Today, Saudi Arabia is the world largest producer of desalinated water and home to the Marafiq complex in Jubail, the world's largest independent water and power project (IWPP). Moreover, Saudi Arabia will soon have one of the world's largest water pipelines, a more than 900-kilometer transmission system that will pump nearly 4 million cubic meters per day (cum/d) of water from Jubail Industrial City to the capital of Riyadh. As water becomes an increasingly scarce resource, issues of water quality, quantity, management, and planning are essential for the future of the Kingdom's While the global economic downturn has recently led the Kingdom to bring a number of projects back under government control, Saudi Arabia recognizes that PPPs will remain instrumental in developing the industry and delivering water and wastewater services to residents throughout the country. The establishment of PPPs is expected to present a wealth of investment opportunities for U.S. companies engaged in this sector. Build-operate-transfer (BOT) will be a preferred method of PPPs with the private sector expected to finance design, build, and operate the project for a specified period of time, after which ownership will be transferred back to the government. According to Samba Financial Group, the utilities sector, including electricity and water supply, is currently the fifth largest recipient of foreign investment in Saudi Arabia, and is expected to rise further in investor attractiveness over the next five years. The desalination, water, and sewage sector have already been earmarked as one of the sectors targeted for privatization for 2009. The Saline Water Conversion Corporation (SWCC), for example, is currently undergoing a large-scale restructuring and privatization plan. The figure below show an assumption for Agricultural Purposes in the Kingdom of Saudi Arabia.
Private investors and developers are already taking advantage of the opportunities that the sector's restructuring is offering. In 2008, the Ministry of Water and Electricity (MoWE) awarded more than 743 contracts worth over $3.1 billion (SR11.9 billion). Moreover, the Saudi Government has resolved to continue developing the sector in the face of the economic downturn. While the global financial crisis has presented the Kingdom of Saudi Arabia with new challenges and has served to adjust a number of infrastructure projects, the Saudi Government views the development of the water sector as a matter of national importance. Stress on water resources of kingdom of Saudi Arabia has been further multiplied due to agricultural development and has led to their partial depletion, particularly in the case of nonrenewable fossil water which is the main source of fresh water supplies. Reported that the desire to practice desert agriculture elevated the volume of water used for irrigation from about 6.8 km3 in 1980 to about 21 km3 in 2006. Further it was noticed that most of the water withdrawn came from fossil; deep aquifers [9, 10, 30 ].
Study Methodology and Strategy
In the kingdom of Saudi Arabia , some predictions or estimates are made on the presence of water resources that they may not last more than 25 years. Water is a scarce natural resource that ensures human, plant and American Journal of Computer Technology and Application Vol. 1, No.8, September 2013, PP: 101 -127, ISSN: 2327-2325 (Online) Available online at www.ajcta.com 107 animal life. This vital and essential resource needs to be managed in a manner that rationalizes its consumption and secures its supply for future generations. The demand for water is increasing quite rapidly against the low and diminishing water resources. Consequently, it seems imperative to encourage the rational consumption of water and its management by all sectors on a scientific basis to ensure its continued availability and future conservation.
-Integrated water resources planning -Demand side planning and management : -Supply side planning and management -Phase-out center pivot irrigation system
The Kingdom of Saudi Arabia Plan
The map below provides an indication of the geographical location of towns in relation to the geographical criteria applied in clustering. All 10 towns are located in Eastern . Furthermore, there is a need to develop appropriate water quality standards and to enforce rules and regulations relating to these standards. The advanced technologies (such as cloud physics to increase the amount of rain) are needed to develop water resources and measures are to be taken to improve the recharge efficiency of ground water [16, 29, 30] . In this paper, an attempt has been made to review the available water resources of the country and possibly tailor the measures to be adopted to consume them efficiently and conserve this precious resource with the national spirit.
Geographical criteria applied in clustering in 10 towns. The water resources in the Kingdom of Saudi Arabia are divided into surface and underground deposits. Water collected through rainfall (surface water) is estimated to be about 2045 million cubic meters (MCM) per year. Depending upon rainfall, ground water is present in the basement crystalline rocks with an estimate of about 1.5 million cubic meters. The thickness of these rocks is about 500 meters. The production of the desalinated water reaches 740.52 million American gallons daily. In the kingdom of Saudi Arabia , about 1.5 million cubic meters treated sewage water per day is also available, in addition about 32 million cubic meters per day the treated agricultural waste water is diverted to useful uses [18, 30] .
The Kingdom of Saudi Arabia Water Resources

4.1The Kingdom of Saudi Arabia Water From
The Kingdom of Saudi Arabia extracts its water from the following main source; Surface water is available with an estimate of about 2045 million cubic meters (MCM) per year comes from the rainfall, and is found predominantly in the west and south-west of the country. In 1985, surface water provided 10% of the kingdom of Saudi Arabia 's supply. While reporting on water resources, noted that total renewable surface water resources could be about 2.2 km3/year in the kingdom of Saudi Arabia of Saudi Arabia [10] . Reports that the annual runoff is estimated about 2230 MCM in the kingdom of Saudi Arabia [1] . Ground water is found in the area of the basement rocks and the thickness of these rocks could be about 500 m. ground water is held in aquifers, some of which are naturally replenished, while others are non-renewable. In 1985, ground water provided 84% of the Kingdom of Saudi Arabia 's supply but it is noteworthy that most of this water was drawn from non-renewable aquifers. Similarly, also reported that the renewable groundwater resources were mainly stored in shallow alluvial aquifers and in basalt layers of varying thickness and width, and these aquifers mostly prevail in the southwest of the kingdom of Saudi Arabia [1, 2, 9, 10 , 29, 30]. They are in a position to store some 84 billion cubic metres with an average annual recharge of 1196 MCM. More than twenty layered principal and secondary aquifers of different geological ages store groundwater [12] , and the quality of the groundwater varies at various sites and aquifers. Also maintains that total groundwater reserves (including) fossil groundwater) have been estimated to 500 km 3 . About 340 km 3 out of this 500 km3 is drawn at an extremely high cost by the kingdom of Saudi Arabia of Saudi Arabia. Estimates on available ground waters seem quite encouraging to meet the growing needs of the population of the kingdom of Saudi Arabia [10] . Based on the isotopic analyses scientists believe that the fossil groundwater in these aquifers is ten to thirty-two thousand years old. At the depth of three hundred metres below ground surface about 2185 billion cubic metres groundwater is available with a total annual recharge of 2762 MCM [3, 8, 30] of desalinated water were produced. The total length of about 4156 km pipeline desalinated water is transmitted to various cities and the capacity of desalinated water reservoirs reached to 9.38 MCM [10, 30] . The water produced, is being used for municipal purposes. As reported by [1] that some 35 desalination plants have been built, with the cost of about 10 billion dollars, to produce potable water. By employing multistage flush system and reverse osmosis techniques, brackish sea water and raw groundwater from the Red Sea coast and the Arabian gulf coast are converted into drinkable forms [7] . He further noted these technologies and facilities helped Saudi Arabia becoming the largest producer of desalinized water in the world. On an average about 1050 MCM desalinated water was produced only in the year 2000. According to [10] the quantities of desalinated water produced meet some 48 percent of the requirements of municipal uses. Although the cost of water associated with desalination units remains very high yet it is made available to the general public at a highly subsidized rate. Reported that the total water cost for one cubic metre of desalinized water is about SR 5.5 -6.6 at the door step of the consumers. Still largescale desalination plants were in a position to meet the 46 per cent of the household requirements and domestic demand for water [1] in Saudi Arabia of main Cities as show in figure 5 .
Desalinated seawater
American
Reclaimed wastewater
It is obtained by treating agricultural waste water and it estimated to be about 32 MCM per day. It is a source of water which is still in its early stages but offers a considerable potential for further expansion. Similarly, recycling of purified sewage water for agricultural and industrial use is taking place and the first project in this respect was established in the city of Riyadh and saves about 200 000 m 3 of purified water a day. According to reference [1] , it is estimated that about 1000 MCM of wastewater were generated in the country in 1996, and about 1500 MCM in the year [11] . About 41 per cent of municipal wastewater is treated, and in 1997, about 185 MCM or 18.5 per cent of the treated wastewater was recycled for irrigating agricultural crops and landscape plants and for using in the refineries [1] .  Wastewater is limited by low sewerage rates partly attributable to inadequate wastewater treatment networks.
 Wastewater reuse was calculated based on present reuse of approximately 18% . 
Wastewater Sector Overview
Related Reports
In addition, reports that total treated wastewater reached almost 548 MCM, of which 123 MCM were reused. By the year 2003, some 70 sewage treatment plants were working and in operation [10] . No doubt, the idea is new and the use of treated waste water still did not hold enough ground as only 166 MCM were being used in 2006, but it has got a very promising future in the kingdom of Saudi Arabia for its multiple and beneficial uses. However, presently non-edible crops are irrigated with treated waste water. Different landscapes, gardens, parks also receive their irrigations with treated waste water, and for industrial cooling, they are equally good [9] .
Artesian Wells
Artesian Wells are being used for irrigating agricultural crops, human consumption and drinking purposes. To meet the water requirements of its population, more than 40 810 artesian wells in addition to 52 327 [12, 15] . These dams store flood and storm water and in turn dams increase subterranean water reserves and enhance the availability of potable water. They protect the vegetation and plantations and some villages against the fast flows of flood waters as sudden torrential rises used to be the big threats in the past. 
Development Of Water Demand Management
The available surface water and groundwater resources are limited, precipitation rates are low, evaporation rates are high, and most part of the Kingdom of Saudi Arabia lies in arid regions. All these factors make the kingdom of Saudi Arabia a water shortage and deficit state. An average annual rainfall is less than 150 mm in most parts of the country [10] . Due to the comprehensive development realized in all sectors, today the annual national water demand in the kingdom of Saudi Arabia has exceeded 30 000 MCM [1] as revealed in figure 6 and 7 illustrates the Saudi Arabia roads. In the kingdom of Saudi Arabia supply aspect received attention, whereas demand management remained un-noticed, despite of its improved and enhanced potential benefits. 
Conservation Measures of Water Demand Management
At present the concept of Water Demand Management (WDM) is slowly gaining recognition and popularity as an essential complement to supply management if fresh water is to be used in a sustainable manner [6] . Many cases, greater equity, reduced environmental damage, and helped increasing greater public participation. Water demand management can be defined as any method-whether technical, economic, administrative, financial or social -is capable of accomplishing one (or more) of the following five components:
Cities Targeted for privatization
•
Reduce the quantity or quality of water required to accomplish a certain and specific task; • Adjust the nature of the task or the way it is undertaken so that it can be accomplished with less water or with lower quality water; • Reduce the loss in quantity or quality of water as it flows from source through use to disposal; • Shift the timing of use from peak to off-peak periods; • Increase the ability of the water system to continue to serve the communities when water availability is low and at times of shortage of water.
The Conservation Measures
Come of the Conservation Measures Taken so far include the following:
• In 1994, water tariffs were introduced to enhance the awareness on the value of water among the consumers.
• Measures have been undertaken to reduce the water leakage losses from the water supply networks.
• Programs on treated wastewater recycling K. H. Zaharani, M. Shayaa Al-Shayaa and M. B. Baig have been designed, introduced and launched; • In the toilet flushing at the Holy Mosque at Makkah, highly saline water from Wadi Malakan near Makka is being used instead of using the costly desalinated water [1, 2] .
• Initiatives on reuse of wastewater effluents for irrigation purposes have been taken; • landscape plants, trees, and grass in municipal parks receive their irrigations through the reusing of wastewaters.
• The kingdom of Saudi Arabia also plans of installing water meters on the farm pumps to minimize over pumping and water losses. To minimize industrial water demand, to maximize wastewater recycling and to protect the environment, the government has established large industrial cities in numerous parts of the kingdom of Saudi Arabia . Each city comprises of hundreds and thousands of factories and they produce thousands of gallons of waste water. Industrial wastewater is collected, treated, and recycled within each city at the plant level for using it for industrial uses and irrigation purposes. The industrial cities have set certain standards and specifications for the quality of the wastewater to be collected from factories [9, 10] .
XML Instance Representation of Elevation
As shown in figures 16 and 17 illustrates the Instance Representation of Elevation in Saudi Arabia subareas in major cities.
Google earth for showing the elevations in Saudi Arabia Areas
As shown in figures 18a and 18b illustrates Google earth for showing the elevations in Saudi Arabia subareas in major cities such as Makkah and Madinah Areas. The following regions use Aquifers storage for water supply: Riyadh, Qasim, Madinah, Eastern Province, Hail, Tabuk, Northern Borders, Najran, Asir and AlJouf.
The abstracted water from Saq, Umm Erudhuma, Wajeed, Minjure Aquifers amount to (B13.8 BCM/year which constitutes 90% of non-renewable water use in the Kingdom and equal 6 times of municipal water consumption [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Main Challenges of Water Sector
Currently, The KSA faces three major challenges:
1.Water depletion is threatening the nation's future. 2.Saudi Arabia's agriculture sector is not sustainable nor efficient. 3.Municipal water supply services are high cost and suboptimal quality.
Recommendations on Water Conservation
Has offered the whole set of recommendations for managing water for agriculture; however, a brief sketch is presented as under [9, 10, 15 , 30]:
• There is a need for the strict policies for use of water and adoption of conservation measures.
• Agricultural management sector is the biggest consumer of water (88%) and to keep its usage minimum better and improved irrigation methods and environmental enhancement farming technologies are needed. Agricultural sector consumption of Water reached 542 BCM from 1975. to 2010 G. which equal the production of (SWCC) for 500 years. 90% of Agricultural sector consumption of water concentrated in such areas as shown in the figure below.
• To help farmers to grow drought resistant/ tolerant varieties crops and trees, continued research support is needed. Research initiatives on exploring new irrigation methods and improving the presently available irrigation methods to use the limited water resources efficiently and effectively are needed. There is a need to create awareness among the users in both rural and urban areas, persuading the users to adopt conservation measures and environmental enhancement technologies. Training programs for the trainers and the users on the water demand management and its conservation should be arranged.
•
The initiatives on the reuse of wastewater effluents especially for irrigation have been encouraged and now millions of cubic metres of treated effluents have become available for this purpose. Similarly, recycling of treated industrial wastewater is another appreciable initiative, and has been implemented by various industrial plants [20] [21] [22] [23] [24] [25] [26] [27] .
• Surface irrigation systems should be replaced by drip, sprinkler irrigation and micro-irrigation systems.
• Promote the cultivation of crops with lower water requirements. There is a need of shifting of some of the fodder and cereals areas from high water consumption zones to lower water consumption zones.
• Encourage farmers having water meters at the farm level to control of pumping of water.
The initiatives taken by the kingdom of Saudi Arabia on water demand management have been successful in satisfying growing water needs and protecting water resources.
This demonstrates that the programs launched by the state on the most vital and pressing issue of water are sufficiently dynamic, flexible, and reasonable enough to solve the challenges faced by the nation. Extension professionals need to promote and popularize them among the masses. It is stressed that the available environmental friendly technologies on the wise use of water be enlisted and be known to the end users through extension and education programs [24] [25] [26] [27] [28] [29] [30] .
• The state regulations on the use of water, reduction in domestic water demand by the introduction of new water pricing policies, leakage detection and all other control measures that could conserve water must be applied with letter and spirit.
• Concerted efforts should be made by all the stake-holders working with the public on enhancing public awareness on the value of water.
Conclusion
This paper places emphasizes on the urgency of adopting conservation and water-demand management initiatives to maintain demand supply relationship and achieve an acceptable balance between water needs and availability. The kingdom of Saudi Arabia places emphasis on the shift from supply development to demand management to use of critical and non-renewable water resources efficiently. The paper suggests that the wateruse-efficiency (WUE) in various sectors can be enhanced and improved in the kingdom of Saudi Arabia .
The paper presents an overview of the country's water resources and issues related to water. Some possible American Journal of Computer Technology and Application Vol. 1, No.8, September 2013, PP: 101 -127, ISSN: 2327-2325 (Online) Available online at www.ajcta.com conservation and remedial measures particularly in the agricultural sector-the largest and most inefficient user of water have been suggested. The main objective of this paper is to safeguard and conserve this precious natural resource through environmental enhancement technologies for the future generations to come. It is presumed that water resources can be managed on sustainable basis by devising and employing environmental enhancement technologies including water conservation measures. Demand met by least cost sustainable supply with water use produces maximum social benefit and water security is assured. The usefulness of these measures can be supplemented through the vibrant and viable extension and education initiatives and capacity building programs. Finally; Population growth is pushing for faster extraction rate than the replenishment rate which is leading to a decline in groundwater resources significant investment is required in desalination.
